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"he diagnosis of combined ventricular septal rupture
and mitral regurgitation complicating acute myocardial
infarction is difficult and in previously reported cases
has required right and left heart catheterization. This
study utilized simultaneous Doppler and two-dimen-
The development of a new systolic murmur soon after an
acute myocardial infarction requires prompt investigation,
because this event may be a harbinger of ventricular septal
rupture or severe mitral regurgitation (I). Clinical differ-
entiation between these serious complications is often dif-
ficult .md unreliable (2). Although the utility of right heart
catheterization in diagnosing ventricular septal rupture is
well established (3), the diagnosis of acute mitral regurgi-
tation based on a large V wave on the pulmonary artery
pressure tracing (4) has recently been questioned (5). Thus,
when mitral regurgitation and ventricular septal rupture have
coexisted, right and left heart catheterization has been nec-
essary to establish the diagnosis (6-9). We now report two
cases In which the diagnosis of combined ventricular septal
rupture and mitral regurgitation was made noninvasively
utilizing Doppler echocardiography.
Case Reports
Case 1
A 75 year old white woman was admitted to a local
hospital with an acute inferolateral myocardial infarction.
The initial course was uncomplicated until the sixth hospital
day when she developed a new systolic murmur and conges-
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sional echocardiography to diagnose these combined le-
sions in two cases. Doppler echocardiography should
have its greatest impact in the early noninvasive diag-
nosis of these complications.
tive heart failure, She was transferred to Barnes Hospital
where, on admission, she was in moderate respiratory dis-
tress. Blood pressure was 94/50 mm Hg, and pulse rate was
106/min, Inspiratory crackles were present half-way up the
back of the chest. Cardiac examination revealed a I + right
ventricular impulse and a systolic thrill at the left sternal
border. S I and S, were soft and an S3 gallop was present.
A grade 4/6 holosystolic murmur was present over the entire
precordium.
Doppler echocardiography was performed utilizing an
lrex system III-B that interfaces the Doppler recording with
two-dimensional echocardiography (10). This permitted
documentation of both a left to right shunt at the ventricular
level and mitral regurgitation (Fig. I). Pulmonary artery
catheterization was performed with a 7.5 F balloon-tipped
thermodilution catheter (Edwards Laboratories), and the
findings were consistent with right ventricular failure and a
2: I left to right shunt (Table I), Subsequent left ventricu-
lography revealed extensive akinesia of the inferior wall and
apex, a large ventricular septal rupture along the inferior
portion of the apex and mild to moderate mitral regurgita-
tion, Coronary arteriography demonstrated extensive three
vessel disease with right coronary artery occlusion.
Immediate surgery was performed documenting a 2 to 3
cm inferoposterior septal defect. In addition, the posterior
papillary muscle had ruptured completely from the wall of
the ventricle. Despite correction of the ventricular septal
rupture and replacement of the mitral valve, the patient died
shortly after the operation.
Case 2
An 80 year old white woman was admitted to Barnes
Hospital with a 3 day history of prolonged nonexertional
0735- 1097/84/$3.00
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Figure 1. Case I, A, Flow velocity spectra recorded across the
ventricular septum. The transducer was placed in the left para-
sternal position and the Doppler beam was oriented from a short-
axis echocardiographic view, traversing the ventricular septum in
its inferior segment. Sampling in the right ventricle (RV) with
pulsed Doppler flow resulted in signal aliasing (flow information
above and below the baseline). Faster sampling with continuous
wave recording permitted recognition of flow toward the transducer
(above the baseline) indicative of a left to right shunt. B, Mitral
regurgitation was detected with the transducer placed in the apical
position and the Doppler beam oriented from a four chamber view.
Recording within the left atrium (LA) with pulsed Doppler flow
in systole was depicted above and below the baseline (aliasing);
with continuous wave recording, systolic flow away from the trans-
ducer (below the baseline, arrows) was indicative of mitral re-
gurgitation. LV = left ventricle.
chest pressure. The admission electrocardiogram was con-
sistent with inferior wall ischemia. No murmurs or gallops
were present on examination. On the second hospital day,
the patient developed electrocardiographic changes con-
sistent with an acute inferior myocardial infarction. A sub-
sequent radionuclide ventriculogram revealed right ventric-
ular enlargement and left ventricular inferoposterior wall
akinesia with a left ventricular ejection fraction of 52%.
The patient's course was unremarkable until the eighth post-
infarction day when she developed a new grade 3/6 holo-
systolic murmur at the apex radiating to the axilla, which
was interpreted as mitral regurgitation. The following day
she suddenly became hypotensive with a systolic blood pres-
sure of 90 mm Hg and a pulse rate of 90/min. The patient
was in moderate respiratory distress and inspiratory crackles
were present half-way up the back of the chest. The murmur
was now grade 4/6 and an S3 gallop was present.
Pulmonary artery catheterization was performed in the
same manner as in Case 1 and the findings were consistent
with right ventricular failure and cardiogenic shock (Table
1). Doppler echocardiography, as previously described, was
consistent with an inferoposterior septal defect and mitral
regurgitation (Fig. 2) with an otherwise normal valve struc-
ture. Subsequent intracardiac oxygen saturations (Table I)
confirmed the finding of a left to right shunt. The patient
developed progressive cardiogenic shock. She refused sur-
gery and ultimately died; postmortem examination was
refused.
Discussion
The premortem diagnosis of combined ventricular septal
rupture and mitral regurgitation in four previously reported
cases (6-9) has required cardiac catheterization. In two
cases the diagnosis of mitral regurgitation was based solely
on the presence of a prominent V wave on the pulmonary
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Table I. Hemodynamic Data and Oxygen Saturations
Pressures (mm Hg)
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Oxygen Saturation (%)
619
Case
I
2
Right Atrial
17
14
Right Ventricular
50115
43/16
Pulmonary Artery
50125
48/15
Pulmonary Artery
Occlusive
27 (62, V wave)
22 (35, V wave)
Right
Atrium
57.6
59.8
Right
Ventricle
84.2
Not done
Pulmonary
Artery
80.4
78.8
artery pressure tracing (11,12). This latter finding may be
nonspecific (5) and has been associated with ventricular
septal rupture alone (13). Thus, the diagnosis of combined
mitral regurgitation and ventricular septal rupture has re-
Figure 2. Case 2. A, Flow velocity spectra obtained across the
ventricular septum with the beam oriented from a short-axis echo-
cardiographic view as in Case 1. Flow was detected in systole
above and below the baseline in the right ventricular (RY) side of
the septum, indicative of a left to right shunt. Continuous wave
recordings were technically unsatisfactory in this case. B, Mitral
regurgitation was demonstrated by pulsed Doppler flow by sam-
pling within the left atrium (LA) (Doppler beam oriented from
apical views). Regurgitant flow is shown in systole below the
baseline, and continuous wave Doppler recording confirmed this
by depicting systolic flow away from the transducer (below the
baseline, arrows). LY = left ventricle.
A ·
quired complete cardiac catheterization. To our knowledge,
this is the first report of the utility of continuous and pulsed
Doppler echocardiography in diagnosing the combined pres-
ence of these complications.
Association of ventricular septal rupture and mitral
regurgitation. The apical inferoposterior localization by
Doppler echocardiography of the ventricular septal rupture
in our two cases is consistent with the usual location in
patients with inferior myocardial infarction (14). The as-
sociation of mitral regurgitation with ventricular septal rup-
ture is usually due to the closely related insertion of the
posterior papillary muscle to the site of rupture (7,15). In
one surgical series (16), 10% of ventricular septal ruptures
were associated with mitral regurgitation due to papillary
muscle infarction. Mitral regurgitation may also occur in
these patients without papillary muscle involvement (9,16).
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Two-dimensional echocardiography has been used to vi-
sualize ventricular septal rupture (18), and sensitivity is
improved with contrast techniques (19). However, generally
the septal ruptures visualized have been large, and two-
dimensional echocardiography alone cannot exclude mitral
regurgitation.
Diagnostic advantages of pulsed Doppler echocardi-
ography. The pulsed Doppler technique has been used with
M-mode echocardiography to differentiate ventricular septal
defects and mitral regurgitation in children (20). In addition,
using a similar Doppler technique, one case of isolated
ventricular septal rupture was identified (21). Recently,
combined Doppler recording with simultaneous two-dimen-
sional echocardiography has become available. In our ex-
perience, this approach offers greater flexibility and sensi-
tivity because of the more precise anatomic localization of
the Doppler beam. We have found that the parasternal short-
axis view is the best orientation for Doppler sampling in
the diagnosis of ventricular septal rupture. Using this view,
the Doppler sampling beam can be directed at the junction
of the inferior wall and interventricular septum. In this pro-
jection, the angle between the beam and the presumed di-
rection of left to right flow can be minimized (Fig. 1 and
2). Optimal Doppler sampling is obtained when this angle
approaches 0°. Mitral regurgitation is best detected using
the apical four chamber view with Doppler sampling in the
left atrium, again nearly parallel to the presumed direction
of regurgitant flow. When compared with cardiac catheter-
ization, this technique has been shown to have a sensitivity
of 70 to 90% and a specificity greater than 90% in the
diagnosis of mitral regurgitation (22,23). False negative
results are likely caused by not detecting a highly directional
parasternal regurgitant flow. Meticulous sampling using both
apical and long-axis views increased the sensitivity of de-
tection in our experience.
Implications. Several recent surgical series (16,24) have
suggested that early surgery in patients with ventricular sep-
tal rupture is associated with improved survival. In the series
reported by Radford et al. (16) concurrent mitral valve re-
placement was not associated with increased morbidity or
mortality. In that series, mortality was associated most with
the presence of cardiogenic shock preoperatively. Thus, the
early diagnosis of a new systolic murmur after myocardial
infarction is of considerable importance, particularly since
shock may be delayed in patients with septal rupture (14).
Doppler echocardiography should have its greatest impact
in the early noninvasive diagnosis of these complications.
We are grateful to Joyce Kalayeh for the preparation of the manuscript.
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